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Ethyl Pyruvate Reduces Free 
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Cardiac Function in a Rat Model 
Of Off-Pump Coronary Bypass 
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Background 

Off-pump coronary artery bypass grafting is associated with transient 
periods of myocardial ischemia during revascularization. Such ischemia 
puts the myocardium at risk for contractile dysfunction and injury associated 
in part by the metabolic depletion of high energy phosphates. In.addition, 
reperfusion following revascularization is associated with myocardial 
oxidative injury mediated by reactive oxygen species. 

Pyruvate, a key glycolytic intermediate, has been shown to be an 
effective scavenger of hydrogen peroxide and hydroxyl radical. 1 ' 2 However, 
it's function as an antioxidant is limited by poor stability in aqueous 
solution. 3,4 Ethyl pyruvate, a common food additive, has enhanced lipophilic 
character and in contrast to pyruvate, is very stable in calcium containing 
aqueous solutions. Previous work utilizing a model of prolonged 
myocardial ischemia/reperfusion injury demonstrated that ethyl pyruvate 
enhanced myocardial ATP production, attenuated oxidative injury and 
infarct size, and preserved cardiac function. 5 The puipose of this study was 
to investigate the efficacy of ethyl pyruvate as a myocardial protective agent 
in a rat model of off-pump coronary artery bypass grafting . 
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Pyruvate- Glycolytic ATP Generator 




• Pyruvate supplementation 
produces increased NAD+ 

• NAD+ is the electron acceptor 
for reaction 6 producing 1,3- 
bisphosphoglycerate 

• The enzyme, phosphoglycerate 
kinase, catalyzes reaction 7, in 
which 1,3-bisphosphoglycerate is 
converted to 3-phosphoglycerate 
generating ATP 



Source: Biocarta, www.biocafta.com 



Methods 

Male Wistar rats were anesthetized and mechanically ventilated with a 
respirator. The right femoral vein was isolated and an intravenous catheter was 
inserted for administration of treatment solutions. A median sternotomy was 
performed and the pericardium was reflected exposing the heart. A miniature 
pressure/volume conductance catheter was inserted into the left ventricular 
cavity via the apex for hemodynamic measurements. In addition, a flow probe 
was placed around the ascending aorta to measure cardiac output. (Figure 1) 
Animals were subjected to transient ischemia via a 10 minute occlusion of the 
left anterior descending coronary artery followed by 10 minutes of reperfusion. 
Animals received an IV bolus of Ringer's solution as a control (n=10) or 
Ringer's ethyl pyruvate (n=10) immediately before the initiation of both 
ischemia and reperfusion. Hemodynamic parameters were reported as a 
percentage of baseline measurements. Myocardial ATP levels were determined 
in the ischemic region following 10 minutes of ischemia (n^lO). Myocardial 
lipid peroxidation , a measure of oxidative stress, was determined in the LV 
region subjected to ischemia as well as a region not subjected to ischemia as an 
internal control (n=10). 



Figure 1- Photograph of experimental setup 
for the determination of cardiac function 




Results 



Myocardial ATP Levels 




Control Ethyl Pyruvate 

Figure 2- Myocardial ATP levels determined in the ischemic region following 10 
minutes of ischemia (n=S, in both treatment group). Ethyl pyruvate treatment 
significantly increased ATP levels in ischemic myocardium compared to controls 
(87.6*29,2 vs. 10.0±2.4 nanomoles/g, •p=O.04). 



Myocardial Lipid Peroxides 
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Control Ethyl Pyruvate 



Figure 3- Lipid peroxide levels in both ischemic and nonischemic 
myocardium (n=5, in both treatment groups). Non-ischemic 
myocardium was not significantly different between treatment groups. 
Lipid peroxides were significantly reduced in the ethyl pyruvate 
treated group as compared to controls (70.4±2.6nmol/g vs. 81.8 
±2.4nmol/g, p=0.04). 
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Figure 4- Maximum left ventricular (LV) pressure expressed as a 
percentage of baseline. Maximum LV pressure was significantly 
greater throughout ischemia and reperfusion in the ethyl pyruvate 
treatment group compared to controls. Asterisk (*) denotes 
statistical significance of p<0.05. 



4 





or fat max 


100 


* * 




^^^^ -^Ringer, 


3 60 

s 




1 40 

Qui 




"O 




20 




0 






base 
2 isc 
4 isc 
6 isc 
8 isc 
10 isc 
2 rep 
4 rep 
6rep 
8 rep 
10 rep 


Figure 5- dP/dt max, a measure of contractility, expressed as a 
percentage of baseline. dP/dt max was significantly greater after 
8 minutes of ischemia and throughout reperfusion in the ethyl 
pyruvate treatment group compared to controls. Asterisk (*) 
denotes statistical significance of p<0.05. 



Cardiac Output 




Figure 6- Cardiac output expressed as a percentage of baseline. 
Cardiac output was significantly greater throughout ischemia and 
reperfusion in the ethyl pyruvate treatment group compared to 
controls. Asterisk (*) denotes statistical significance of p<0.05. 
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Conclusion 



• In a rat model of off-pump coronary artery 
bypass utilizing transient myocardial 
ischemia and reperfusion, ethyl pyruvate 
enhanced the myocardial energetic state by 
elevating ATP levels, reduced myocardial 
oxidative injury, and preserved myocardial 
function. 
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Abstract 



Objective: Myocardial injury and dysfunction following ischemia are mediated in part 
by reactive oxygen species. Pyruvate, a key glycolytic intermediary, is an effective free 
radical scavenger, but unfortunately, is limited by aqueous instability. The ester 
derivative, ethyl pyruvate, is stable in solution and should function as an antioxidant and 
energy precursor. This study sought to evaluate ethyl pyruvate as a myocardial protective 
agent in a rat model of ischemia/reperfusion injury. 

Methods: Rats underwent 30minute ischemia and 30minute reperfusion of the left 
anterior descending coronary artery territory. Immediately prior to both ischemia and 
reperfusion, animals received an intravenous bolus of either ethyl pyruvate (n=26) or 
vehicle control(n=26). Myocardial high energy phosphate levels were determined by 
ATP assay, oxidative injury was measured by lipid peroxidation assay, infarct size was 
quantified by triphenyltetrazolium chloride staining and cardiac function was assessed in 
vivo. 

Results: Ethyl pyruvate administration significantly increased myocardial ATP levels 
compared to control, 87.6±29.2nanomoles/g vs. 10.0±2.4nanomoles/g, p=0.03. In 
ischemic myocardium, ethyl pyruvate reduced oxidative injury compared to control: 
63.8±3.3nmol/g vs. 89.5±3.0nmol/g, p<0.001. Ethyl pyruvate diminished infarct size as 
a percentage of area at risk: 25.3±1.5% vs. 33.6±2.1%, p=0.005. Ethyl pyruvate 
improved myocardial function compared to controls: Max Pressure 86.6±2.9mmHg vs. 
73.5±2.5mmHg, p<0.001, Max dP/dt 3518±243mmHg/sec vs. 2703±175mmHg/sec, 
p=0.005, dV/dt 3097±479^tVsec vs. 2120±287*U/sec, p=0.04, Ejection Fraction 
41.9±3.8% vs. 31.4±4.1%, p=0.03, Cardiac Output 26.7±0.9ml/min vs. 22.7±1.3ml/min, 



p=0.01, and End systolic pressure volume relationship slope 1.08± vs. 0.59± , p=0.02. 

Conclusions: In this study of myocardial ischemia reperfusion injury, ethyl pyruvate 
enhanced myocardial ATP levels, attenuated myocardial oxidative injury, decreased 
infarct size, and preserved cardiac function. 
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